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SPECIFICATION 



1. Title of the Invention 

Control device for variable compression ratio internal combustion engine 

2. Claims 

(l) A control device for a variable compression ratio internal combustion engine 
[adapted for use] in an internal combustion engine furnished with lean burn control 
means for outputting a lean burn signal within a prescribed lean burn zone 
determined according to vehicle operating conditions, and compression ratio varying 
means for switching the compression ratio of the engine between a high and a low 
compression ratio state depending on operating conditions, the device comprising' 
determining means for determining said high or low compression ratio state based 
on operating conditions; and delay control means for prohibiting said lean burn 
control for a prescribed time interval starting from the point in time of output by 
said determining means of a signal to switch from the low compression ratio zone to 
the high compression ratio zone. 

3. Detailed Description of the Invention 
Field of Industrial Utilization 

The present invention relates to a control device for variable compression 
ratio internal combustion engine that combines a lean burn control mechanism and 
a compression ratio varying mechanism. 
Prior Art 

Some recent automotive internal combustion engines are equipped with a 
compression ratio varying mechanism for the purpose of both improving thermal 
efficiency at low loads and reducing knocking at high loads. For example, the 
technology disclosed in Japanese Unexamined Utility Model Application 58-25637 
teaches a double structure of an inner piston and an outer piston and having an oil 
chamber formed between the inner piston and the outer piston, whereby in the low 
load zone, hydraulic pressure is supplied to the oil chamber, moving the outer 
piston upward relative to the inner piston to create a high compression ratio state; 



» 



whereas in the high load zone, oil within the oil chamber is expelled into a lower 
liquid chamber or the like, moving the outer piston downward and switching to a 
low compression ratio state. 

Meanwhile, it is possible to combine a lean burn control mechanism with 
5 such a variable compression ratio internal combustion engine, in order to further 
promote lower fuel costs. Such a lean burn control mechanism is designed to set the 
air-fuel ratio to the lean side and bring about lean combustion only in instances 
where the operating conditions of the automobile, specifically, the vehicle speed, 
gear position of the gearshift (typically determined from vehicle speed and engine 

10 rpm's), engine coolant temperature, degree of throttle opening, or other parameters, 
lie within a prescribed lean burn zone, rather than setting the target air-fuel ratio 
for air-fuel ratio control to the theoretical air-fuel ratio. During such lean burn 
control, control of the air-fuel ratio is carried out in some systems through open loop 
control, and in other systems through feedback control. 

15 Where a compression ratio varying mechanism and a lean burn control 

mechanism are combined in this way, in some cases lean burn control is also carried 
out in instances of a high compression ratio state, and not just under the prescribed 
operating conditions mentioned above. That is, in a high compression ratio state, 
since thermal efficiency is high, the use of a weak mixture will not impair operation. 

20 Consequently, the possible range for lean burn control can be expanded to a 
corresponding extent, and the need for reduced fuel cost and so on can be met. 
Problem the Invention Attempts to Solve 

However, with an internal engine that combines a lean burn control 
mechanism and a lean burn control mechanism as described above, whereas control 

25 to switch from the theoretical air-fuel ratio to lean burn control, i.e. to switch the 
fuel feed rate or the like, is carried out immediately by electrical means in response 
to changes in operating conditions, the switch from high to low compression ratio by 
the compression ratio varying mechanism is carried out through the agency of 
hydraulic pressure or other mechanical operation as described previously. 

30 Consequently, the response of compression ratio switching tends to be poor, and 
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thus when for example, switching to lean burn control and switching control from 
low to high compression ratio take place simultaneously, the speed of switching the 
compression ratio cannot keep pace with the speed of switching to lean burn control, 
and a low compression ratio state will persist temporarily during lean burn control. 
5 As a result, there is a risk of an appreciable drop in thermal efficiency, and the 
problem of extremely impaired operation may arise. 
Means for Solving the Problem 

With a view to solving the aforementioned problem of the prior art, the 
present invention provides [a control device adapted for use] in an internal 

10 combustion engine C like that depicted in FIG. 1 furnished with lean burn control 
means A for outputting a lean burn signal within a prescribed lean burn zone 
determined according to vehicle operating conditions, and compression ratio varying 
means B for switching the compression ratio of the engine between a high and a low 
compression ratio state depending on operating conditions, [the control device] 

15 comprising- determining means D for determining a high or low compression ratio 
state based on operating conditions; and delay control means E for prohibiting lean 
burn control for a prescribed time interval starting from the point in time of output 
by the determining means of a signal to switch from the low compression ratio zone 
to the high compression ratio zone. 

20 Operation 

According to the present invention having the constitution described above, 
when vehicle operating conditions have switched from the theoretical air-fuel ratio 
zone to the lean burn zone, or during lean burn control, once a signal to switch from 
the low compression ratio state to the high compression ratio state is output by the 
25 determining means D in association with a change in engine operating conditions, 
lean burn control will be prohibited temporarily by the delay control means E, until 
a prescribed time interval has elapsed starting from the point in time of the 
aforementioned switching of the compression ratio. Consequently, lean burn 
control and the low compression ratio state no longer coincide, despite the 
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occurrence of a switching delay due to impaired response of switching from the low 
compression ratio to the high compression ratio. 
Working Example 

FIG. 2 is a schematic diagram showing the mechanical design of the control 
5 device pertaining to the invention. 

In the drawing, [symbol] 1 denotes a four-cylinder gasoline engine equipped 
with a fuel injection valve 2 for injecting fuel into the intake port of each cylinder. 
The internal combustion engine 1 is also furnished with a piston 3 having a 
variable compression ratio mechanism. Specifically, as depicted in FIG. 3, in this 

10 piston 3, an outer piston 7 fits slidably in the axial direction along the outside 

periphery of an inner piston linked to a con rod 5 via a piston pin 4; with the engine 
in the low load zone for example, hydraulic fluid delivered by an oil pump (not 
shown) is fed into a hydraulic fluid chamber 9 from a main passage 8, and from here 
is supplied to an upper fluid chamber 11 via a supply passage 10. At this point in 

15 time, the second valve body 12b of a spool type valve 12 blocks off a discharge 
passage 13, producing a quick increase in volume of the upper fluid chamber 11, 
thereby moving the outer piston 7 upward relative to the inner piston 6 to create a 
high compression ratio state. 

In the high load zone on the other hand, when the initial high combustion 

20 pressure during the operating condition in question acts upon the upper face of the 
outer piston 7, high pressure is brought to bear within the upper fluid chamber 11, 
and this high hydraulic pressure now acts upon the pressure -receiving face 15 of a 
first valve body 12a through a signal pressure passage 14. Consequently, the spool 
type valve 12 instantly moves leftward in opposition to the spring force of a spring 

25 16, and the second valve body 12b blocks off the supply passage 10 while opening up 
the discharge passage 13. By so doing, the hydraulic fluid within the upper fluid 
chamber 11 is rapidly discharged to the outside through the discharge passage 13, 
and the hydraulic fluid within the hydraulic fluid chamber 9 is supplied to a lower 
fluid chamber 17. Consequently, the outer piston 7 descends rapidly, and the low 

30 compression ratio state is created with good response. 
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[Symbol] 21 in FIG. 2 denotes a control unit comprising a microcomputer; 
this control unit 21 performs sensing of the compression ratio zone of the 
aforementioned compression ratio varying mechanism, control of the fuel feed rate 
including lean burn control, lean burn delay control, and so on. In order to carry 
5 out these various controls, the unit inputs signals from sensors of various kinds. 
Specifically, [symbol] 22 denotes a crank angle sensor housed within a distributor 
23, for sensing crankshaft revolutions N of the internal combustion engine 1; 
[symbol] 24 denotes an air flow meter disposed to the upstream end of a throttle 
valve 26 in an air intake passage 25, for sensing the intake air flow Q; [symbol] 27 

10 denotes a water temperature sensor for sensing coolant temperature of the internal 
combustion engine l; [symbol] 28 denotes a vehicle speed sensor for sensing 
revolutions of the output shaft of the gearshift 29, i.e. the vehicle speed VSP; 
[symbol] 30 denotes neutral switch for detecting the presence of the Neutral 
position of the gearshift 291 and [symbol] 31 denotes an O2 sensor disposed in an 

15 exhaust passage 32, for sensing the air-fuel ratio of the internal combustion engine 
1 from the residual oxygen concentration in the exhaust gases. This O2 sensor 31 is 
of a type able to continuously sense the air-fuel ratio. The load on the engine is 
sensed from a knocking sensor 33, the basic fuel injection rate Tp, and so on. 

The control unit 21 stores in memory a data map like that depicted in FIG. 4 

20 for example, for detecting, depending on engine operating conditions, the high 

compression ratio zone or low compression ratio zone created by the aforementioned 
compression ratio varying mechanism. Specifically, from a known value 
preestablished on the basis of the relationship of load and rpm's of the internal 
combustion engine 1, [the zone] above a threshold value x is determined to be the 

25 low compression ratio zone (the zone of control to low compression ratio, i.e., during 
generally high load), whereas [the zone] below the threshold value x is determined 
to be the high compression ratio zone (the zone of control to high compression ratio, 
i.e., during generally low load). 

The control unit 21 carries out lean burn control according to the flowchart 

30 shown in FIG. 5. First, in Step 1, it decides whether [conditions are] in the 
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feedback control zone for air-fuel ratio using the O2 sensor 3. This decision is made 
based on various parameters in accordance with a program, not illustrated; when, 
for example, the internal combustion engine has not finished warming up, or when 
increase is carried out in the high speed, high load zone (low compression ratio 
5 state), [the routine] advances from Step 1 to Step 11, halts feedback control based 
on the O2 sensor 3, and goes into open loop control. That is, with the feedback 
correction factor held constant at "1," open loop control is carried out with the target 
air-fuel ratio close to the theoretical air-fuel ratio (A = l). 

If on the other hand in Step 1 it is determined that [conditions are] not in the 
10 air-fuel ratio feedback control zone, in Steps 2 and 3, the vehicle speed signal VSP 
and the engine rpm's signal N are read in; and in Step 4, the gear position GP of the 
gearshift 29 is determined from the vehicle speed VSP and the rpm's N. Then, in 
Steps 5 and 6, the coolant temperature TW and the throttle valve 26 opening TVO 
are read in. 

15 Next, in Step 7, it is decided whether the coolant temperature detected by the 

temperature sensor 27 is within the temperature range where lean burn control is 
possible. In the event that this temperature TW is below a prescribed value, lean 
burn control will not be carried out since operation could be adversely affected. 
That is, [the routine] advances to Step 12, and air-fuel ratio feedback control is 

20 carried out targeting the normal theoretical air-fuel ratio using the O2 sensor 3. 

If in Step 7 the temperature TW is above the prescribed value, [the routine] 
advances to Step 8, and with reference to the gear position GP, selects [one of a 
number of] lean data maps preestablished for individual gear positions GP. This 
lean data map sets a lean burn control zone in terms of the relationship of throttle 

25 valve 26 opening TVO and vehicle speed VSP. Next, in Step 9, this lean data map 
is compared with the actual throttle valve 26 opening TVO and vehicle speed VSP 
to determine whether [conditions are] within the lean burn zone. Here, if 
[conditions are] outside the lean burn zone, [the routine] advances to Step 12, and 
normal air-fuel ratio feedback control is carried out with the theoretical air-fuel 

30 ratio as the target air-fuel ratio. If on the other hand [conditions are] within the 
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lean burn zone, [the routine] advances to Step 10, feedback control is halted, and 
open loop control is carried out with the target air-fuel ratio set to a prescribed lean 
air fuel ratio. That is, lean burn control is carried out using a weak mixture. 

The following description of overall control in the working example of the 
5 control unit 21 equipped with this lean burn control means refers to the flowchart of 
FIG. 6. 

First, in Step 21, the compression ratio data map described previously is 
compared with current engine operating conditions, deciding whether [conditions] 
are within the high compression ratio zone. If [conditions] are not within the high 

10 compression ratio zone, [the routine] advances to Step 22 wherein the lean burn flag 
is set to "0," and then to Step 23 wherein the counter that counts [up] in sync with 
engine rpm's or in sync with revolutions is [reset] to 0. Then [the routine] advances 
to Step 24, wherein the lean burn control described previously is prohibited. 
Consequently, the internal combustion engine 1 carries out air-fuel ratio feedback 

15 control targeting the normal theoretical air-fuel ratio as described previously. 

If on the other hand in Step 1 [conditions are] decided to be in the high 
compression ratio zone, in Step 25, in the lean burn control routine depicted in FIG. 
5, it is determined whether [conditions are] in the lean burn zone. In the event that 
[conditions are] not in the lean burn zone, [the routine] advances to Step 22, or if 

20 determined that [conditions are] in the lean burn zone, [the routine] advances to 
Step 26, wherein it is determined whether the lean burn flag is set to "1," i.e. 
whether the flag is raised, or set to "0." If the lean burn flag is set to "1," [the 
routine] now advances to Step 27. In this Step 27, a process to enable lean burn 
control is carried out, and consequently the internal combustion engine 1 carries out 

25 lean combustion through lean burn control, with the aim of reduced fuel 
expenditure. 

If on the other hand it is determined in Step 26 that the lean burn flag is "0," 
in Step 28 it is decided whether [the value in] the counter mentioned previously is 
greater than a prescribed value, and if greater, in Step 29 performs a process to set 
30 the lean burn flag to "1," then proceeds to Step 27. If in Step 28 it is decided that 



7 



[the value in] the counter mentioned previously is smaller than the prescribed value, 
in Step 30 the counter is incremented, that is, increased by "1" (causing a delay of 
prescribed duration), whereupon [the routine] advances to Step 24, prohibits lean 
burn control, and carries out normal theoretical air-fuel ratio control. By so doing, 
5 lean burn control can be reliably prevented [from being carried out] in the low 

compression ratio state, as the result of a temporal delay before a complete switch 
from the low compression ratio state to the high compression ratio state. After the 
prescribed processes of Step 24 and Step 27, [the routine] returns to the beginning, 
and the processes described above are repeated. 

10 The control unit 21 in the preceding working example also outputs to the 

spark plugs 34 via power transistors appropriate ignition timing signals on the 
basis of an ignition timing map established in advance based on engine rpm's N and 
the basic fuel injection rate Tp, and carries out angle control at prescribed angular 
metrics during the aforementioned lean burn control and high compression ratio 

15 state. 

In the event that [the system] should become stuck in the low compression 
ratio state due to malfunction of the compression ratio varying mechanism or the 
like, control to prohibit the aforementioned lean burn control will be carried out. 

The compression ratio varying mechanism discussed above is not limited to 

20 that disclosed in the working example, and may be any of those disclosed in the 
prior art literature. 
Effects of the Invention 

As will be apparent from the description herein, according to the control 
device for a variable compression ratio internal combustion engine pertaining to the 

25 present invention, since lean burn control can be temporarily prohibited at the 
point in time of switching from the low compression ratio state to the high 
compression ratio state, lean burn control can reliably be prevented from taking 
place in the low compression ratio state. It is possible thereby to sufficiently 
prevent a drop in thermal efficiency and impaired operation. 

30 4. Brief Description of the Drawings 



FIG. 1 is a schematic diagram of the invention, corresponding to the Claim; 
FIG. 2 is a schematic diagram depicting a working example of the invention; FIG. 3 
is a fragmentary sectional view of the compression ratio varying mechanism in the 
working example; FIG. 4 is a diagrammatic illustration of a data map of high and 
low compression ratio zones preestablished according to engine operating 
conditions; FIG. 5 is a flowchart depicting the control program for lean burn control 
in the working example; and FIG. 6 is a flowchart depicting the control program for 
delay control in the working example. 

A ... lean burn control means 

B ... compression ratio varying means 

C ... internal combustion engine 

D ... determining means 

E ... delay control means 



[Drawing Legends] 
FIG. 1 

A lean burn control means 
5 B compression ratio varying means 
C internal combustion engine 




determining means 
delay control means 
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21 control unit 

FIG. 4 

load 

15 low compression ratio zone 

high compression ratio zone 
engine rpm's 

FIG. 5 
20 START 

1 feedback control zone? 

2 read vehicle speed VSP 

3 read rpm's N 

4 determine gear position GP 
25 5 read coolant temperature TW 

6 read throttle opening TVO 

7 TW at permissible temperature for lean [burn]? 

8 select map depending on gear position 

9 within lean burn zone? 
30 10 lean burn control 
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11 halt feedback, clamp to X = 1 

12 feedback control 
RETURN 

5 FIG. 6 

START 

21 high 8o zone? 

22 lean flag 0 

23 clear counter 

10 24 prohibit lean burn control 

25 lean [burn] zone? 

26 lean [burn] flag 

27 permit lean [burn] control 

28 prescribed counter value 
15 29 lean flag 1 

RETURN 
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